Attorney's Dc^Ps'o.: 12732-086001 /US5370 



APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



TITLE: LIGHT EMITTING DEVICE AND METHOD OF 

MANUFACTURING THE SAME 



APPLICANT: 



SHUNPEI YAMAZAKI, JUN KOYAMA AND MAI OSADA 



LIGHT EMITTING DEVICE AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a display panel in which a light emitting element 
formed on a substrate is sealed between the substrate and a cover member. Also, the present 
invention relates to a display module in which an IC is mounted in the display panel. Note 
that, in this specification, the display panel and the display module are generically called a 
light emitting device. Further, the present invention relates to electronic equipment using 
the light emitting device. 

2. Description of the Related Art 

Since a light emitting element itself emits light, visibility is high, a back light required 
for a liquid crystal display device (LCD) is unnecessary, it is suitable for thinness, and there is 
no limitation for a view angle. Thus, recently, a light emitting device using a light emitting 
element is noted as a display device alternative to a CRT and an LCD. 

The light emitting element has a layer including an organic compound in which 
luminescence (electroluminescence) is produced by applying an electric field thereto 
(hereinafter referred to as an organic compound layer), an anode layer, and a cathode layer. 
The luminescence in the organic compound includes luminescence produced when it is 
returned from a singlet excitation state to a ground state (fluorescence) and luminescence 
produced when it is returned from a triplet excitation state to the ground state 
(phosphorescence). In the light emitting device of the present invention, either luminescence 
may be employed. 

Note that, in this specification, all layers provided between the anode and the cathode 
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are defined as the organic compound layers. The organic compound layer includes 
specifically a light emitting layer, a hole injection layer, an electron injection layer, a hole 
transport layer, and an electron transport layer. Basically, the light emitting element has a 
structure in which the anode, the light emitting layer, and the cathode are laminated in order. 
In addition to this structure, there are the case where the light emitting element has a structure 
in which the anode, the hole injection layer, the light emitting layer, and the cathode are 
laminated in this order and the case where the light emitting element has a structure in which 
the anode, the hole injection layer, the light emitting layer, the electron transport layer, and 
the cathode are laminated in this order. 
W Also in this specification, light emission by the light emitting element is called 

operation of the light emitting element. Further, in this specification, an element composed 
of the anode, the organic compound layer, and the cathode is called the light emitting element. 
Recently, the use of an active matrix light emitting device is expanded and the needs 
O for a large size of a screen, high definition, and high reliability are increased. 

S Simultaneously, the improvement of productivity and the need for a low cost are increased. 

In the active matrix light emitting device, a current flowing into the light emitting 
element is controlled by a thin film transistor (TFT) provided in respective pixels. 

Conventionally, when the TFT is manufactured using aluminum as a material for a 
gate signal line in the above-mentioned TFT, a protrusion such as a hillock or a whisker is 
formed by thermal treatment and an aluminum atom is diffused into a channel forming region. 
Therefore, a failure in the operation of the TFT and a deterioration of a TFT characteristic are 
caused. To prevent this, when a metal material resistant to the thermal treatment, typically, a 
metal element having a high melting point is used, a wiring resistance becomes higher in the 
case where a screen size is made large. Thus, a problem such as an increase of consumption 
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power is caused. With respect to the light emitting element, a consumption current is large. 
Therefore ; particularly, in the case of a panel with 3 inches or more, due to the influence of 
the wiring resistance, intensities in both ends of the screen are different from each other or 
crosstalk is caused. 



SUMMARY OF THE INVENTION 
Thus, an object of the present invention is to provide a structure of a light emitting 
device in which low consumption power is realized even in the case of a large screen and a 
O method of manufacturing the same. 



fU The present invention is intended to plate a surface of a source signal line or a surface 

ru 

5l of a power supply line in a pixel portion and thus to reduce the resistance of a wiring. Note 

ru 

that, in the present invention, the source signal line in the pixel portion is manufactured by a 
W process different form a process of manufacturing a source signal line in a driver circuit 

ru 

P portion. Also, the power supply line in the pixel portion is manufactured by a process 

different form a process of manufacturing a power supply line led onto a substrate. Further, 
with respect to a terminal, the same plating is performed to reduce the resistance. 

In the present invention, it is desirable that a wiring before plating is made of the same 
material as a gate electrode and the surface of the wiring is plated to form the source signal 
line or the power supply line. A film having a lower electrical resistance than the gate 
electrode is desirably used as a material film to be plated. Thus, the source signal line or the 
power supply line in the pixel portion becomes a low resistance wiring by the plating. 

The present invention disclosed in this specification relates to a light emitting device 
including a source signal line, a light emitting element, and a TFT, characterized in that the 
source signal line is made from a conductor and a coating which has a lower resistance value 
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tha „ ,he conduce, and'eovers the conduce, and that switching of .he TFT is controUed in 
reS ponse ,0 a signa, inputted ,o the source stgna, Une ,o con.ro. Ugh. emission of .he Ugh, 
emitting element. 

The presen, invention disdosed in .his specifica.ion reia.es .o a light emitting device 
inciuding a power suppiy line, a itgh. emitting Cement, and a TFT, characterized in that: the 
power suppiy iine is made from a conducor and a coating which has a iower resistance va.ue 
, ha „ the conductor and covers .he conducor; swi.ching of .he TFT is con.roiied in response to 
a signa, inputted to a gate e.ccrode of the TFT, and that when the TFT is turned on, a 
potentia, o, the power suppiy fine is provided to a pixei e.ec.rode of the Ugh, emi.Ung eiemen, 
fU to emit light from the light emitting element. 

S The present invention disclosed in this specification rela.es to a Ugh. emitting device 

including a source signa. line, a power supply line, a Ugh, emitting element, and a TFT, 
characterized in that: the source signa, fine is made from a firs, conductor and a firs, coattng 
which has a ,ower resistance va,ue than the first conducor and covers the firs, conductor; the 
power supply line is made from a second conducor and a second coat.ng which has a lower 
resistance va,ue man the second conductor and covers the second conductor; switching of the 
TFT is controfied in response to a signa, inputted to the source stgna, line; and that when the 
TFT is tunted on, a potentia, of the power supply Une is provided ,o a pixe, e.ectrode of the 
fight emitting element to emit Ugh. from .he light emitting element. 

The dev,ce of the presen, tnvention may be characterized in that the firs, conductor 
and the second conductor are simultaneously formed. 

The presen, invent.on disdosed in this specification relates to a Ugh, emitting device 
including a source signal line, a Ugh, emitting element, a TFT, and a terminal, characterized 
in that; the source signal Une is made from a first conducor and a firs, coating wh.ch has a 
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lower resistance value than the first conductor and covers the first conductor: the terminal is 
made from a second conductor and a second coating which has a lower resistance value than 
the second conductor and covers the second conductor; and that switching of the TFT is 
controlled in response to a signal inputted to the source signal line to control light emission of 

the light emitting element. 

The device of the present invention may be characterized in that the first conductor 

and the second conductor are simultaneously formed. 

The present invention disclosed in this specification relates to a light emitting device 
including a power supply line, a light emitting element, a TFT, and a terminal, characterized 
in that: the power supply line is made from a first conductor and a first coating which has a 
lower resistance value than the first conductor and covers the first conductor; the terminal is 
made from a second conductor and a second coating which has a lower resistance value than 
the second conductor and covers the second conductor; switching of the TFT is controlled in 
response to a signal inputted to a gate electrode of the TFT; and that when the TFT is turned 
on, a potential of the power supply line is provided to a pixel electrode of the light emitting 
element to emit light from the light emitting element. 

The device of the present invention may be characterized in that the first conductor 
and the second conductor are simultaneously formed. 

The present invention disclosed in this specification relates to a light emitting device 
including a pixel portion and a driver circuit, the pixel portion having a source signal line, a 
light emitting element, and a first TFT, the driver circuit having a second TFT and a third 
TFT, characterized in that: the source signal line is made from a conductor and a coating 
which has a lower resistance value than the conductor and covers the conductor, and that 
switching of the first TFT is controlled in response to a signal inputted to the source signal 



line to control light emission of the light emitting element. 

The present invention disclosed in this specification reb.es to a light emitting device 
including a pixel portion and a driver circnir, the pixel portion having a power supply line, a 
light emitting element, and a firs. TFT, the driver circuit having a second TFT and a third 
TFT, characterized in that: the power supply line is made from a conductor and a coa.ing 
which has a lower resistance value than .he conductor and covets .he conductor; switching of 
the firs. TFT is controlled in response to a s.gnal inputted to a ga.e decode of the firs, TFT; 
and tha. when the firs. TFT is turned on, a potential of the power supply line is provided .0 a 
pixel electrode of the light emitting element to emit light from the light emitting element. 

The present invention disclosed in this specification relates to a method of 
jjj manufacturing a light emitting device, comprising the steps of; forming a semiconductor layer 
on an insulating surface of a subs.ra.e; forming a ga.e insulating film on the semiconductor 
,ayer; forming a gate electrode and a conductor on the ga.e insulating film; adding an 
I impurity element imparting an n-.ype to the semiconductor layer to form an n-type impurity 
^ region; forntirtg a coating having a lower resistance than the conductor on a surface of the 
conductor by an elecroplating method to form a source signal line; forming an insulating film 
covering the source signal line; and forming a gate signal line on the insulating film. 

The present invention disclosed in this specification telates to a method of 
manufacturing a light emitting device, comprising the steps of; forming a semiconductor layer 
on an insulating surface of a substrate; forcing a gate insulating film on the semiconductor 
layer; forming a ga.e electrode and a conductor on the ga.e insulating film; adding an 
im puri.y Cement imparttng an n-type to the semiconductor layer ,o form an n-.ype impurity 
region; fonning a coating havtng a lower resistance than the conductor on a surface of the 
conductor by an electtopla.ing method .0 form a power supply line; forming an insulating 
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thereof. 



■ ,he oower supply line; and fonuing a ga.e signal line on .he insulating film, 
film covering the power suppiy > 

• characterized in that the coating is formed 
The device of the present invention may be characterized 

bv an electroplating method. 

■ characterized in that the coating includes 
The device of the present invention may be characterized 

• rn Al Au As, and an alloy 

as a main componen, one se.ec.ed from .he group cons.sr.ng of Cu, Al, 

u~ characterized in that the conductor is made 
The device of the present invention may be characterized 

£ of the same material as the gate electrode of the TFT. 

u h P characterized in that the coating is formed 

Q The device of the present invention may be characterize 

I ""fir. - — — - - — - - - - m - - 

U second TFT, and .he ,hird TFT are an n-cha„nel TFT. „ F9TFT ,„e 

ffi Th e device of ,e presen, invention ma, he characterized in ,a. ,he firs. TFT, 

5 secondTFT.and.he.hirdTFTareap-channelTn ' 

The device of .he presen. invention may be character* 
.HethirdTFTcomposeoneofanHEMOScircunandanHOMOScircmt. 

r» devtce of the presen, invention may he charac.ertzed in tha. ,e second TFT 

„.channel TFT and the third TFT is a p-channel TFT. 

^ devtce of the present invention may he charac.er.ed in ,a. ,e firs, TFT .nclndes 

electro de, and an impuri.y region parr.aUy over.apped w,,h ,he ga.e elec.rod. 

n. dev.ce of ,he presen, invendon may he charac.er.ed in ,ha, ,e firs, TFT tnc.udes 
a nlurality of channel forming regions. 
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three channel forming regions. 

The device of the present invention may be characterized in that each of the second 
and the third TFTs includes a gate electrode having a taper portion, a channel forming region 
overlapped with the gate electrode, and an impurity region partially overlapped with the gate 
electrode. 

The device of the present invention may be characterized in that the impurity region in 
one of the first, the second, and the third TFTs includes a region having a concentration 
y, gradi ent at least at an impurity concentration of 1 x ^ to 1 x 10» W and the impurity 
| concentration is increased with increasing a distance from the channel forming re gl on. 
m The device of the present invention may be characterized in that the light emitting 
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device is one 



of an electroluminescence display device, a personal computer, and a digital 



!\ versatile disk. 

§ The method of the present invention may be characterized in that in the step using the 

1 electroplating method, the conductor is connected with a W1 rin g so as to be the same potential. 

The method of the present invention may be characterized in that the wiring connected 
so as to be the same potential is separated by laser light after the coating is formed. 

The method of the present invention may be characterized in that the wiring connected 
so as to be the same potential is separated simultaneously with the substrate after plating. 



RRIFF DESCRIPTION OF THF DRAWINGS 
In the accompanying drawings: 

Fig. 1 is a top surface view of a light emitting device at plating: 

Fig. 2 is a top surface view of the light emitting device after plating; 

Figs. 3A to 3C show steps of manufacturing a light emitting device according to the 
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present invention; 

c • „n, P lioht emitting device according to tne 
Figs . 4 A to 4C show steps of manufacturing the light em.tt, „ 

present invention; 

r • t u P lioht emitting device according to the 
Figs. 5 A to 5C show steps of manufacturing the light emitting 

present invention; 

• th.licht emitting device according to the present 
Fig. 6 shows a step of manufacturing the light emitting 

invention; 

fj Figs. 7A and 7B show a terminal portion; 

g Fig. 8 is a top surface view of a pixel; 

| Figs. 9A to 9C show the terminal portion; 

fj Fig. 10 is a cross sectional view of a light emitting device; 
U Figs. 11A and 11B show a structure of an NMOS circuit; 

J pigs. 12A and 12B show a structure of a shift register; 

Fig. 14 is a top surface view of a pixel; 
Figs. 15A to 15C show a terminal portion; 
Fig. 16 is a cross sectional view of a light emitting device; 
Fig. 17 is a cross sectional view of a light emitting device; 
Fig. 18 is a cross sectional view of a light emitting device; 
Fig 19 is a cross sectional view of a light emitting element; 

Figs 20A and 2 0B are cross sectional views of a connection hetween a terminal and a 
lead wi rmg and a connection hetween a counter electrode and the lead wiring; 
Fig 21 is a top surface view of a light emitting devtce; 
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Figs. 23A and 23B are block diagrams of driver circuits; 

Figs. 24A ro 24C show electronic devices; and 

Fig. 25 is a cross secrional view of a light emhring device. 

™t»„ EB nF.SCRlPTIQ]lQFTHEP''FFFPPFO EMBODIMENTS 
Hereinafter, embodiments of the present invention will be described. 
Firs, after a base insulating film is formed on a subslrate, semicondueror layers with a 
desired shape are formed. Then, an insulating film (including a ga.e insuring film, 
covering the semicondueror .ayers is forced. A conductive ftlm is formed on the insuring 
flUn and etched to form a gare electrode, a conductor as a source signal line in a pixel portton, 
. conducror as a power supply line in a pixel portion, and a conducror as an elecrrode of a 
terminal. No.e rhar, in the present invention, a gate signal line is formed on an inlerlayer 
insulating film after the gate electrode is formed. 

Next, an impuriry element impariing conductivity is added to rhe semicondueror layers 
using a resis, masx or the gare elecrrode to form impuriry regions in rhe semiconductor layers. 
No ,e that the addition of rhe impuriry elemen, ro the semicondueror layers may be made 
before the formation of the gare elecrrode or after .he formarton of .he ga.e decode. Also, 

semiconductor layers. 

According ro .he presen. inven.ion, after .he impuri.y elemen, added to the respecive 
semicondueror layers is acrivared, the pla.ing (electropla.ing method, is performed ,o form a 
me ,a, f„m (coaring, on .he surface of the conducror as rhe source signal line in the p.xe, 

portion, the surface of ,e conduc.or as rhe power supply line in .he pixe, portion, and rhe 

surface of the conducror as rhe elecrrode of the terminal. 
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Note that, in this specification, the source signal line includes both a source signal line 
(conductor) before plating and a source signal line after plating. The source signal line after 
plating including the metal film (coating) formed on the surface is called the source signal 
line. Similarly, the power supply line includes both a power supply line (conductor) before 
plating and a power supply line after plating. The power supply line after plating including 
the metal film (coating) formed on the surface is called the power supply line. Similarly, the 
terminal includes both a terminal (conductor) before plating and a terminal after plating. 
U The terminal after plating including the metal film (coating) formed on the surface is called 

s 

y the terminal. 

fU Fig. 1 shows a state in which the metal film is formed on the surface of the conductor 

jjj as the source signal line in the pixel portion, on the surface of the conductor as the power 
f. supply line in the pixel portion, and on the surface of the conductor as the terminal by an 
fy electroplating method. Note that, three source signal lines 104 in the pixel portion and only 
1 three power supply lines 105 are shown in Fig. 1. The source signal lines 104 in the pixel 
portion are in parallel with one another and become a belt shape. The power supply lines 
105 in the pixel portion are in parallel with one another and have a belt shape. Six terminals 
107 are only shown. 

Reference numeral 101 denotes a pixel portion. The source signal lines 104 before 
plating and the power supply lines 105 before plating are provided in the pixel portion 101. 
The source signal lines 104 and the power supply lines 105 are connected with a plating 
electrode 108. Note that the source signal lines 104 before plating and the power supply 
lines 105 before plating are not necessarily connected with the same plating electrode 108 and 
may be connected with separate plating electrodes. 

In a terminal portion 106, the plurality of (six) terminals 107 before plating are formed 
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and connected with a plating electrode 109. 

ln m emoodimenl, a so.ee * driver — « - ° - * — ^ 

are foro ed on me same suhstrale as - - P— *— ' *" ~ "J dr,VCr 

— U. - - - - circuit ,03 . no, necessarily — - - - 

su ,,ra,e as ,e pi,e, portion ,0, N- that, ,n Pig. , - — - — ^ 

along the — «*. - . ,o - - p— - — — - «* - 

T , e,ec t rop,a,in g method . » - a dire* current electric current into an aoueous 
^.ion — a - - <o be formed bv me electing — ana Ihus ,0 form a 

- L, - on a cathode surface. . - - - • — ^ ' ~ " 

K , mD ner silver gold, chromium, iron, nickel, platmum, an 

™ than the sale electrode, for example, copper, Sliver, go 

H „ H Since copper has an extremely low eleclrtcal 

5 alloy thereof, or the like can he used. Stnce copp 

° ■ tt,. surface of the source signal line 

* resiSI a„ce, i, is suitable for the tneu. film covenng the surface 

according to the present invention. 

„ he plated. Then, meta, ,0 he plated or insoluble metal is used for an anode an a 
predelermine a potenlia, difference is prov.ded behveen the plating electrodes 10 a d , 
L, me,a, and to he planted, which is reduced from a postnve ion ,s prectpt, led m 

«i« linM 105 and the terminals 107. 
• „„i lines 104 the power supply lines iuo, «ui 
surfaces of the source signal lines 104, p 

After pmting, an inlerlayer baling film is formed and connectton 
„d with the impurtty regtons of the semiconductor layers and gate stgna, hue 

, ,• in are electricallv connected with the 
, ™ the- aate sienal lines 111 <» e eietui<-« . 
formed. In the present invention, the gate sign 
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gate electrodes through contact holes provided in the interlayer insulating film. Fig. 2 is a 
top surface view of a display panel after wirings (lead wirings) 121 for connecting the 
impurity regions of the semiconductor layers or the power supply lines with the terminals and 

the gate signal lines 111 are formed. 

The source signal lines 104 in the pixel portion are electrically connected with the 
source side driver circuit 102. The power supply lines 105 and the terminals 107 are 
electrically connected with one another. The source side driver circuit 102 and the terminals 
107 are electrically connected with one another. 

After plating, the substrate is divided along the substrate dividing lines 110 to separate 
the source signal lines 104, the power supply lines 105, and the terminals 107 from the plating 

electrodes 108 and 109. 

A film thickness of the metal film formed by the electroplating method can be suitably 

set by controlling a current density and a time by an operator. 

Thus, according to the present invention, the source signal lines in the pixel portion, 
the power supply lines in the pixel portion, and the terminals are covered with the metal 
material having a low resistance. Therefore, even if the pixel portion has a large area, high 
speed drive can be sufficiently made. 

In particular, when the resistance of the power supply lines is lowered, a potential drop 
of the power supply lines by a wiring resistance is prevented and thus crosstalk can be 
prevented. 

Here, an example in which the source signal lines in the pixel portion, the power 
supply lines in the pixel portion, and the terminals are formed together with the gate electrode. 
However, those and gate electrode may be separately formed. For example, after an 
impurity element is added to the respective semiconductor layers, an insulating film for 
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piecing .he ga.e e.ecuode is formed, .he impuri.y Cement added ,0 .he respective 
sem.condue.or .aye, is ac.iva.ed, and .he source signa, Unas in .he pixe, portion, .he power 
supply Hues in .he pixe, por.io„, and .he .erminals, which are made of a mcta, ma.eria, hav.ng 
a ,ow resistance (.ypicaUy, a ma.eria, con.ai„ing mainiy aiuminum. siiver, and copper), are 
sim u,.a„eous,y forrrted on .he insuring fi.m hy a pho.oii.hography s,ep. The source signa, 
Unas in .he pixe, portion, .he power suppiy iines in .he pixe, portion, and .he tertnina.s, wh.ch 

p printing method. 

ffl ln this embodiment, .he source signa, ,ines in ,he pixe, portion, .he power suppiy Unes 

or .he power supp.y Hues in ,he pixe, portion is preferab.y covered wi.h .he nrera, nra.ena, 
having a low resistance by the plating method. 

AMO rding ,o .he presen. inven.ion, in .he acive nra.rix Ugh. emUting device, even if 
th e urea of .he pixe, porUon heconres iarger and ,hus a ,arge screen is obtained, preferabie 

display can be realized. 

With respec, ,o ,he presen, invendon having .he above s.rucrure, more de.ai.ed 

descripbons will be made with reference ,o embodiments below. 



(Embodiment 1) 

ta this embodiment, a method of simu,.an.ous,y manufacturing TFTs composing a 
pix e, poroon and TFTs compostng a driver circuit provided in the vicinity of the pixe, porUon 
(CMOS circuit composed of an n-chan„e, TFT and a p-channe, TTO on ,he same subs.ra.e 
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will be described with reference ro Figs. 3A ro 3c to Fig. 6. 

Firsl in this embodrmen,, a substrate 200 made of glass such as barium borosilica.e 
g ,ass (represented by #7059 glass, #1737 glass, or the life, which is produced by Coming 
Corporation) or aluminoborosilica.e glass is used. The subsrrare 200 is no, particuiariy 
limi ,ed if it has r-ansiucency, and a ,ua«z substrare may be used. Also, a piastic subsrrare 
Having a hear resistance resistan, .0 a processing temperature in this embodiment may be used. 

Ne x, a base Mm 201 made from an insuring Mm such as a silicon oxide frlm, a 
si ,ico„ nirride ftlm, or a srlicon oxynitride fdm is formed on rhe subsrrare 200. in rhis 

„ film of .he insuring fdm or a srrucrure in which two layers or more are iaminated may be 
S used As a fits, iayer of the base fdm 201, a siHcon oxynirride fUm 201a is formed a, 10 ro 
20 0 „m (preferably, 50 ,o 100 nm) by a plasma CVD merhod using SiHa, NH„ and N : 0 as 
reactive gases. In .his embodimen, .he silicon oxyni.ride film 201a (composi.ion ra.io: S, . 
32% O - 27% N = 24%, and H . 17%) having a film rhickness of 50 nm is formed. As a 
second layer of .he base film 201, a silicon oxyni.ride film 201b is laminared a, a thickness of 
50 ,0 200 nm (preferably, .00 ,o 150 nm) by a plasma CVD merhod using S1H 4 and N : G as 
.active gases. In this embodiment, .he silicon oxynitride f.lm 201b (composi.ion ra.ro, S, . 
32% O = 59%, N = 7%, and H - 2%) having a film thickness of 100 nm is formed. 

T.en, semiconductor layers 202 ro 205 are formed on the base film as follows: after a 
semiconductor fdm hav.ng an amorphous slrncture is formed by a known means (such as a 
mattering merhod, an LPCVD merhod, or a plasma CVD merhod), a known crys.allizarron 
jessing (such as a laser conization method, a thermal crysrallizarion merhod, or a 
rherma, cry,a„iza,,o„ merhod using a catalysr such as nickel) la performed to obtam a 
crystalline semiconductor film, and .hen .he crystalline semiconduc.or film is par.erned ro a 
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aesired shape. The semiconducror .a.ers 202 .o 205 are formed ,o Have a ,h,c k ness o, 2, ,o 
80 nm (prefer,,, 30 ,o 60 am). There is no iimHa.ion ,o a ma,er,a, for ,he crvs.ad.ne 
^iconduCor mm. However, i, is preferah.y made of siUcon, a siHcon g erman,um aUov, or 
the lik e. .„ «. embodiment after an amorphous sdicon f«m havi„ g a .hicKness of 55 an, ,s 

silic o„ Hlm . After ,he amorphous sUicon B ,m is deh y d.o g ena,ed a, 500«C for f hoar, 
.ermai crvs,a„ iZ a,,oa is performed a, 550'C for 4 hoars aad a iaser annea, proces S ,n g for 

j tn fnrm the crystalline silicon film. Then, the 

M. improving crystallization is performed to form cr> 

° p-. •« natterned using a photolithography method to form the 

O crystalline silicon film is patterned using v 

ru 

W semiconductor layers 202 to 2Cb . 

m After .he forma.ion of rhe semiconductor havers 202 ,o 205, a .race impurir, eiemen. 

m <horo„ or phosphorus) ma, he sahaoiv doped .0 separareiv for, an enhancemen, r y pe and a 
depletion type. 

When .he crvsraUine se.icondac.or «m is fornred h y a iaser cr.s—n me.hod, 

, a ser lig h. emiued from a User osc.0a.or b y an oprica, s.s.em and ,rradia,.n g ,. » -he 
semico „dac,or fdm is preferah, y nsed. A —a is sui,a Wy seiec.ed h y an 

op era.or. When ,e earner ,a y er is used, a pulse osciOa.ion fre q uenc y is se. .0 he 300 ^ 

0 sc,Ha,ion ftecuenc. is se. ,o he 30 .o 300 p** and a iaser eaer gy de„ S ,, y is se. » he 300 .o 
.0 [mI W] «, 350 , 500 lmJ W,, U- * Unea., y condensed w,.h a 

wid , of ,00 ,o fOOO turn,, for e X amp,e, 400 t pm, and irradia.ed on.o ,e enure surface o. rhe 
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substrate. At this time, an overlap ratio of the linear laser light is set to be 50 to 90 [%]. 

Note that a gas laser or a solid laser, which performs continuous oscillation or pulse 
oscillation can be used as the laser. There are an excimer laser, an Ar laser, a Kr laser, and 
the like as the gas laser. Also, there are a YAG laser, a YV0 4 laser, a YLF laser, a YAIO, 
laser, a glass laser, a ruby laser, an alexandrite laser, a Ti : sapphire laser, and the like as the 
solid laser. A laser using a crystal such as YAG, YV0 4 , YLF or YAIO,, which is doped 
with Cr, Nd, Er, Ho, Ce, Co, Ti, or Tm can be also used as the solid laser. The fundamental 
H of the laser is changed dependent on a doping material and laser light having a fundamental of 

I the neighborhood of 1 um is obtained. A harmonic to the fundamental can be obtained by 

fU 

ru using a non-linear optical element. 

S Also after infrared laser light emitted from the solid laser is converted into green laser 

ru 

light by a non-linear optical element, ultraviolet laser light obtained by another non-linear 

optical element can be used. 

In order to obtain a crystal having a large grain size at the crystallization of the 
amorphous semiconductor film, it is preferable that a solid laser capable of performing 
continuous oscillation is used and a second harmonic to a fourth harmonic of the fundamental 
are applied. Typically, a second harmonic (532 nm) or a third harmonic (355 nm) of an Nd : 
YV0 4 laser (fundamental of 1064 nm) is desirably applied. Concretely, laser light emitted 
from the continuous oscillation YVO4 laser having an output of 10 W is converted into a 
harmonic by a non-linear optical element. Also, there is a method of emitting a harmonic by 
locating a YVO4 crystal and a non-linear optical element in a resonator. Preferably, laser 
light having a rectangular shape or an elliptical shape is formed on an irradiation surface by 
an optical system and irradiated to an object to be processed. At this time, an energy density 
of about 0.01 to 100 MW/cnr (preferably, 0.1 to 10 MW/cm") is required. The 
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semiconductor film is" moved relatively to the laser light at a speed of about 10 to 2000 cm/s 
and irradiated with it. 

Then, a gate insulating film 206 covering the semiconductor layers 202 to 205 is 
formed. The gate insulating film 206 is formed using an insulating film including silicon at 
a thickness of 40 to 150 nm by a plasma CVD method or a sputtering method. In this 
embodiment, a silicon oxynitride film (composition ratio: Si = 32%, O = 59%, N = 7%, and H 
= 2%) is formed to have a thickness of 115 nm by the plasma CVD method. Of course, the 
gate insulating film is not limited to the silicon oxynitride film and thus another insulating 
film including silicon may be used as a single layer or a laminate structure. 

Then, as shown in Fig. 3 A, a first conductive film 207a having a film thickness of 20 
to 100 nm and a second conductivelilm 207b having a film thickness of 100 to 400 nm are 
laminated on the gate insulating film 206. In this embodiment, the first conductive film 
207a made from a TaN film having a film thickness of 30 nm and the second conductive film 
207b made from a W film having a film thickness of 370 nm are laminated. The TaN film is 
formed by a sputtering method using Ta as a target in an atmosphere including nitrogen. 
The W film is formed by a sputtering method using W as a target. In addition, it can be 
formed by a thermal CVD method using tungsten hexafluoride (WF«). In any case, when 
these films are used for a gate electrode, it is necessary to lower the resistance and a resistivity 
of the W film is desirably made to 20 fxQ cm or lower. When a crystal grain is enlarged, the 
resistivity of the W film can be lowered. However, if a large number of impurity elements 
such as oxygen are present in the W film, the crystallization is suppressed and thus the 
resistance is increased. Therefore, in this embodiment, the W film is formed by a sputtering 
method using high purity W (purity of 99.9999% or 99.99%) as a target after due 
consideration such that an impurity is not entered therein from a gas phase at film formation. 



18 



™ ~ in ,U presen( inven(ion , not particulari y 

US ed for .he second conducuve Mm 207 . ^ ^ & ^ ^ „ 

„— — — 

- - — M 3 C ° mP te revive connive «~ a 

. mm wh , , « . —7 : : : : mWMtion „ - - « 

used Further, there arc 
O such as phosphorus may be us • cond uctive film is made 

b— — r::- 

S 3 « * COmbinaHOn . flm is mad e from a W Mm, a —ion in 

? „ it nde CTiN) » m and me second — ^ ^ ^ and , he second 

B w hich « h e « — * — combiMiion ,„ wWch lhe « — - 

g — » - * ^ & :: ( 1 and <he second — e - - - - ' ^ 
P isnu.de from a. an,a.ummtnde(TaN)f 

£ilm - . ■ £on »ed by a phonography method and a lb* 

NexI , a mask 208 made of a rears, rs ^ ^ ^ The fiist e.ching 

erching processing for formmg eiecrrodes and «um ^ ^ 

c ^trbin& condition <inu <* 
pressing is performed under a frrs, S ^ ^ ^ elching 

- — ■ " * " tlChtag ; o T:sed as arching ga.es and a raoo of respecWe 
meth od is used. Mso, CU, C,, and 0 2 ^ ^ ^ ^ MHz „ 

gas fl o» rares is ser ro he *»« * ^ ^ ^ ^ ^ _ <Q pcrfom 

- * ^ «" e,£Ctr ° de rZresenred hy C, BC, SiCU, CCU, and rhe i.e. 
erchmg. N~ rha, a chionne sysrem ^ ^ ^ ^ ^ used os 
.nuonnesysremgasrepresenredhyCP.SF.^, 



19 



t rModel E645-DICP) using ICP. which is 
c Here a drv etching apparatus (Model tb« 
an etching gas. Here, a . sed . Also, RF power having 150 W 
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S ab ° Ut 26 °' , „ to the second etching condition without 
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» a ra.io of respechve gas flow ra.es ,s se, ^ ^ 

j tn a co ii type electrode at a pressure or 

thus ,o perfonn e.ching for abou. 30 seconds. Aiso, P 
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, p An etching rate of W in the second etchin, 
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and ft. second conductive layers (firs, conducive layers 213a ,o 218a and second conducive 
layers 213b ,0 218b) are fornred by ,he firs, e.ehing processing (Fig. 3B). Alrhough no, 
shown, in ,he insulating film 206 which is an ga,e insulating film, regions wh.ch are no, 
covered wi,h Ihe firs, shaped conducive layers 213 ,o 21S are e.ehed a, abou, 10 ,o 20 „ m , 

and thus thinner regions are formed. 

Then, a firs, doping processing is performed whhou, removing , he mask made of a 
resis, ,o add an impuri.y elemen, imparting an n-,ype ,0 me semiconducor layers (Fig. 3C). 
The doping processing is preferabiy performed by an ion doping me.hod or an ion 
impla „,a,ion mchod. As a condition of me ion doping me.hod, a dose is se, ,o be . * ,o" ,o 
5 * 10- W and an acce,era,ing voHage is se, ,o be 60 ,o 100 keV. In ,his embod.men,, a 
dose is se, ,o be 1.5 x 10" /cm"' and an accelerating vollage is se, ,0 be 80 keV. As the 
imp uri,y eiemen, imparling an „-,ype, an e.emen, which beiongs ,o group ,5 of Penodic ,ab,e, 
typically, phosphorus (P) or arsenic (As) is used. Here, phosphorus (P) is used. In ,his 
case, the conductive layers 213 ,o 216 become masks ,o the impuri.y elemen, imparting an n- 
,ype and ,hus n-.ype .mpnri.y regions (high concen.ra.ions) 270 ,o 273 are formed in a seif 
ahgnmen, The impuri.y eiemen, imparting an n-,ype is added ,o ,he impuri.y regions 270 ,o 
273 a, a concenlration range of 1 x 10 2 ° lo 1 * 10 JI /cm 3 . 

Hex,, a second e.ehing processing is performed wi.hou, removing ,he mask made of a 
resis, Here, SF», Ch, and 0 2 are used a S e.ehing gases and a ratio of respective gas flow 
rates is se, ,o be 24/12/24 (seem). RF power having 700 W and 13.56 MHz . supplied ,o a 
eon type decode a, a pressure of 1.3 Pa ,o produce p.asma and ,hu S ,o perform e.ehing for 
25 seconds. Also, RF power having 10 W and 13.56 MHz is supphed ,o a subs,ra,e s,de 
(s amp,e srage) ,o apply a subs,a„,ia„y negative se,f bias vol.age. An e,chi„g ra,e of W in 
,he second e.ehing processing is 227.3 nm/min., an e.ehing ra,e of TaN is 32.1 nm/min., and a 
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etching gas, since a Section rario » *= .nsula.ing fi,m 206 is high, fi.m reducrion can be 
suppressed. 

. onrrlP nf the second conductive layers (w) 
By the second etching processing, a taper angle of the 

b ecomes abou, *T. Second conducive layers 22 2 b ,0 227b are formed by ,e second 

etching processing. On the o.her hand, .he 0- conducive layers are hard.y e.ched and thus 

(irst conducive ,ayers 2 22a ,0 227a are fenced. Also, .he masK 20B m ade of a .sis, is 

oeformed ,o a mas. 209 made of a res.s, by .he second e.ching processing (F.g. 4A). 

„ ^ougn no, shown, aCuaUy, .he widm of the firs, conducive layer after ,he second erch.ng 

™ processing is narrowed oy ahoul 0,5 , m , rhu, is, by a b ou, 0.3 ,nr in an entire fine wid.h, as 

IS compared wUb - -ore ,he second e.ching processing. Here, ,he wid.h of ,he second 

conducive iayer in a channel fength direcion corresponds ,0 .he second width indeed ,n 

the above embodiment. 

In th e ahove second Cching processing, CF„ C, 2 , and O, can b e used as e.ching gases. 
,„ «. case, prefera b ,y, a rario of respecive gas fiow rares is se, ,o b e 25,25,10 (seen) and RF 
power Having 500 W and U.56 MHz is suppiied ,o a cod ,y P e eUcrode a, a pressure of f Pa 

..hino Also RF power having 20 W and D.o6 
to produce plasma and thus ,o perform e,ch,ng. Also, Ke p 

. , , i. „«,».■> in aDDlv a substantially negative self t>,as 
MHz is supplied ,o a suhstra.e stde (sample stage) to apply 

whi ch are no, covered wi,h ,he firs, shaped conducive .ayers 2,2 ,o 227 are e.ched a, ahou, 
50 nm, and thus thinner regions are formed. 
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Next, after the mask made of a resist is removed, a second doping processing is 
performed to obtain a state as shown in Fig. 4B. The second conductive layers 222b to 225b 
are used as masks to an impurity element and doping is performed such that the impurity 
element is added to the semiconductor layers under the taper portions in the first conductive 
layers 222a to 225a. In this embodiment, phosphorus (P) is used as the impurity element and 
plasma doping is performed under a doping condition having a dose of 1.5 x 10 /cm", an 
accelerating voltage of 90 keV, an ion current density of 0.5 pA/cm 2 , a 5% hydrogen dilution 
b gas of phosphine (PH 3 ), and a gas flow rate of 30 seem. Thus, impurity regions (low 

5 

fU concentrations) 228 to 231 overlapped with the first conductive layers are formed in a self 

ru 

W alignment. A concentration of phosphorus (P) added to the impurity regions 228 to 231 is I 

CM 

N x 10 17 to 1 x 10 19 /cm 3 and has a concentration gradient in accordance with a film thickness of 

3 

J the taper portions in the first conductive layers. Note that the impurity concentration (P 
q concentration) in the semiconductor layers overlapped with the taper portions of the first 
2 conductive layer is gradually decreased from the end portions of the taper portions in the first 
conductive layer to the inside. That is, a concentration distribution is formed by the second 
doping processing. Also, the impurity element is added to the impurity regions (high 
concentrations) 270 to 273 to form impurity regions (high concentrations) 232 to 235. 

Note that, in this embodiment, a width of the taper portion (width in a channel length 
direction) is preferably 0.5 um or more and its limitation is 1.5 urn to 2 urn. Thus, although 
it is dependent on a film thickness, the limitation of a width of the impurity region (low 
concentration) having a concentration gradient in a channel length direction becomes 1.5 iim 
to 2 pm. Although the impurity regions (high concentration) and the impurity regions (low 
concentration) are separately shown here, there are actually no specific boundaries and 
regions having a concentration gradient are formed. Similarly, there are no specific 
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boundaries between the channel forming region and the impurity regions (low concentrations). 

Then, a third etching processing is performed while a region except for a pixel portion 
is covered with a mask 246. As the mask 246, a metal plate, a glass plate, a ceramic plate, or 
a ceramic glass plate is preferably used. In the third etching processing, the taper portions of 
the first conductive layers in a region which is not overlapped with the mask 246 are 
selectively etched such that regions overlapped with the impurity regions of the 
semiconductor layers are not present. The third etching processing is performed by an ICP 
etching apparatus using Cb having a high selection ratio to W as an etching gas. In this 
embodiment, a gas flow rate of CI3 is set to be 80 (seem) and RF power having 350 W and 
13.56 MHz is supplied to a coil type electrode at a pressure of 1.2 Pa to produce plasma and 
thus to perform etching for 30 seconds. Also, RF power having 50 W and 13.56 MHz is 
supplied to a substrate side (sample stage) to apply a substantially negative self bias voltage. 
By the third etching processing, conductive layers 236 (first conductive layers 236a and 
second conductive layers 236b), a conductive layer 237 (first conductive layer 237a and 
second conductive layer 237b), a conductive layer 238 (first conductive layer 238a and 
second conductive layer 238b), and a conductive layer 239 (first conductive layer 239a and 
second conductive layer 239b) are formed. Note that the conductive layer 238 becomes a 
source signal line and the conductive layer 239 becomes a power supply line (Fig. 4C). 

In this embodiment, the example in which the third etching processing is performed is 
indicated. However, if the third etching processing is not required, it is unnecessary to 
perform it. 

Next, as shown in Fig. 5A, after the mask made of a resist is removed, a mask 245 
made of a resist is newly formed and a third doping processing is performed. By the third 
doping processing, impurity regions 247 to 250 to which an impurity element imparting a 
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conductivity type (p-type) opposite to the above one conductivity type (n-type) is added are 

formed in the semiconductor layers as active layers of p-channel TFTs. The impurity 

element imparting the p-type is added using the conductive layers 223 and 237 as masks to 

the impurity element to form impurity regions in a self alignment. 

In this embodiment, the impurity regions 247 to 250 are formed by an ion doping 

method using diborane (B 2 H6). Note that the impurity region 247 includes impurity regions 

247a and 247b. Also, the impurity region 249 includes impurity regions 249a and 249b. In 

q the third doping processing, the semiconductor layers composing n-channel TFTs are covered 
□ 

jy with the mask 245 made of a resist. Although phosphorus is added to the impurity regions 

ru 

fy 247 to 250 at different concentrations by the first doping processing and the second doping 

m 

rU processing, a doping processing is performed such that a concentration of the impurity 
element imparting the p-type in any region becomes 2 x 10 20 to 2 x 10 2! atoms/cm*\ Thus, 

ru 

since those impurity regions function as the source regions and the drain regions of the p- 

o 

channel TFTs, no problem is caused. 

Next, a step of activating the impurity element added to the respective semiconductor 
layers is performed. This activation step is performed by a thermal anneal method using a 
furnace anneal furnace. The thermal anneal method is preferably performed in a nitrogen 
atmosphere at an oxygen concentration of 1 ppm or lower, preferably 0.1 ppm or lower and 
400 to 700°C, typically 500 to 550°C. In this embodiment, the activation processing is 
performed by thermal treatment at 550°C for 4 hours. Note that a laser anneal method or a 
rapid thermal anneal method (RTA method) can be applied in addition to the thermal anneal 
method. 

Although not shown, the impurity element is diffused by the activation processing. 
Thus, the boundaries between the n-type impurity regions (low concentrations) and the n-type 
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impurity regions (high concentrations) are hardly present. 

Note that, in this embodiment, simultaneously with the above activation processing, 
nickel used as a catalyst upon crystallization is gettered by the impurity regions including 
phosphorus at a high concentration and a nickel concentration in the semiconductor layers, 
which becomes the channel forming regions is mainly decreased. With respect to the TFTs 
having the channel forming regions, which are thus manufactured, an off current is reduced 
and crystallinity is preferable. Therefore, a high field effect mobility is obtained and a 
preferable characteristic can be achieved. 

S 

O Further, thermal treatment is performed in a hydrogen atmosphere to hydrogenate the 

fU 

jj semiconductor layers. As another means for hydrogenation, plasma hydrogenation 
J=y (hydrogen excited by plasma is used) may be performed. 

U In this embodiment, when a laser anneal method is used, a laser used upon 

fU crystallization can be used. In the case of activation, the same moving speed as the that of 
Q crystallization and an energy density of about 0.01 to 100 MW/cm" (preferably 0.01 to 1.0 

MW/cm 2 ) are required. 

Next, the surface of the conductive layer 238 as the source signal line of the pixel 
portion, the surface of the conductive layer 239 as the power supply line of the pixel portion, 
and the electrode surface of a terminal portion (not shown) are plated. Fig. 7A is a top 
surface view of a terminal portion immediately after plating is performed and Fig. 7B is a 
cross sectional view thereof. In Fig. 7B, reference numeral 400 denotes a terminal portion 
and 401 denotes a terminal. Also, in Fig. 7B, one TFT 303 of the driver circuit portion is 
typically shown and only a source signal line 238 in the pixel portion is shown. In this 
embodiment, the plating is performed using a copper plating solution (Microfab Cu220() 
produced by EEJA). Upon this plating, as described as one example in the above 
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embodiment, conductors to be plated are connected with each other through a dummy pattern 
such that they become the same potential. At the time of dividing of a substrate in a later 
step, electrodes are cut therebetween and the substrate is separated. A short ring may be 
formed using a dummy pattern. 

Next, a first interlayer insulating film 255 covering the source signal line of the pixel 
portion is formed. An inorganic insulating film containing as a main component silicon is 
preferably used as the first interlayer insulating film 255. 

Further a second interlayer insulating film 256 made of an organic insulator material 

O is formed on the first interlaver insulating film 255. In this embodiment, an acrylic resin 
O 

iH film having a film thickness of 1.6 urn is formed. 

^ Further, a pixel electrode 257 made from a transparent conductive film is formed on 

the second interlayer insulating film 256 by patterning using a photo mask. For example, 
ITO (alloy of indium oxide and tin oxide), an alloy of indium oxide and zinc oxide (In : Ch- 
ZnO), or zinc oxide (ZnO) is preferably used for the transparent conductive film as the pixel 
electrode 257. 

Further, the second interlayer insulating film 256 is selectively etched using a photo 
mask to form contact holes which reach the respective impurity regions (232, 234, 247, and 
249), a contact hole which reaches the source signal line 238 of the pixel portion, and a 
contact hole which reaches the power supply line 239. 

Further, electrodes 257 to 263 for electrically connecting the impurity regions (232, 
234, 247, and 249) with the source signal line 238 and the power supply line 239 are formed. 
Also, a gate signal line 264 are formed. 

The pixel electrode 257 is electrically connected with an impurity region 249a of a 
current control TFT 307 in the pixel portion through an electrode 262 which is in contact with 
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the pixel electrode 247 and overlapped therewith. 

The impurity region 234 is electrically connected with the source signal line 238 
through an electrode 260. An impurity region 249b is electrically connected with the power 
supply line 239 through an electrode 263. 

In this embodiment, an example in which the electrode 262 is formed after the pixel 
electrode 247 is formed is indicated. However, after a contact holes and an electrode are 
formed, a pixel electrode made from a transparent conductive film may be formed to overlap 
the electrode. 

p Thus, a driver circuit 301 including a CMOS circuit 302 composed of an n-channel 

S TFT 303 and a p-channel TFT 304 and a pixel portion 305 having a switching TFT 306 made 
S from an n-channel TFT and a current control TFT 307 made from a p-channel TFT can be 
W formed on the same substrate (Fig. 5C). In this embodiment, such a substrate is called an 

3 

^* active matrix substrate as a matter of convenience. 

fU 

W Next as shown in Fig. 6, an insulating film including silicon (silicon oxide film in this 
O ' — — 

2 embodiment) is formed to have a thickness of 500 [nm] and then an opening is formed in a 
position corresponding to the pixel electrode 257. Thus, a third interlayer insulating film 
280 which functions as a bank is formed. When a wet etching method is used at the 
formation of the opening, side walls having a taper shape can be easily formed. If the side 
walls having a sufficiently gentle shape are not formed in the opening, deterioration of an 
organic compound layer due to a step becomes a remarkable problem. Thus, the attention is 
required. 

Note that, in this embodiment, the film made of silicon Oxide is used as the third 
interlayer insulating film 280. However, an organic resin film made of polyimide. 
polyamide, acrylic, or BCB (benzocyclobutene) can be used in some cases. 
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Next, an organic compound layer 265 is formed by an evaporation method and then a 
cathode (MgAg electrode) 266 is formed by an evaporation method. At this time, it is 
desirable that thermal treatment is performed for the pixel electrode 257 to completely 
remove moisture before the organic compound layer 265 and the cathode 266 are formed. 
Note that, in this embodiment, the MgAg electrode is used as the cathode of a light emitting 
element. However, it may be made of another known material. 

For the organic compound layer 265, a known material in which luminescence is 
produced by applying an electric field thereto can be used. In this embodiment, an organic 
S compound layer has a two-layers structure made from a hole transporting layer and an 
jjj emitting layer. However, there is the case where any one of a hole injection layer, an 
gj electron injection layer, and an electron transporting layer is further provided in the organic 
™ compound layer. ' Thus, various combination examples are already reported and any 
fy structure may be used. 

S In this embodiment, polyphenylenevinylene is formed as the hole transporting layer by 

2 an evaporation method. Also, polyvinylcarbazole to which PBD of 1,3,4-oxadiazo.e 
derivative is molecular-dispersed at 30 to 40 % is formed as the light emitting layer by an 
evaporation method and coumarin 6 as a luminescent center of a green color is added thereto 
at about 1 %. 

Further, a passivation film 267 is preferably provided. In this embodiment, a silicon 
nitride film having a thickness of 300 nm is provided as the passivation film 267. The 
passivation film may be successively formed without being exposed to the air after the 
formation the cathode 266. The organic compound layer 265 can be further protected from 
moisture and oxygen by the passivation film 267. 

Note that a film thickness of the organic compound layer 265 is preferably set to be 10 
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, « h .thickness of the cathode 266 is preferably set to 
,o 400 M (.yP-Uy 60 to 150 M) «• • '- ckneSS 
b, 80 u, 200 inml (typically 100 to 150 [nm]). 

Th us, a , ig h. — bavins a structure as shown - P~ 

.:„„, emi „i„g device in this embodiment, from a 
Note that, in steps of manufacture a l.gh, emr.t.ng 

u- f the source signal line is made from Ta ana w 
structure of a circuit and a Velationsh,p of steps, the sour . 

■ the gate electrode and the gate signa! line is made from Al as 

" — S " " J e electrode and a drain electrode. However, different 
wiring material for forming a source electro 

H „ inFiR 8 Note that .he same reference svmbols are used for 

S - — em ^ ShOW " '~ 5C and . A dashed line A-A shown in Fig. 6 
portions corresponding to Ftgs. .A to oC 6. 

3 obtained by cutting along a dashed iineB-B. shown in Ftg. 8. 

A pixel 33f has the source stgna, Hue 238 and the gate stgn.l One 264. 

t ontrol TFT 307 is connec.ed with the pixel eiec.rode 252 through the 
regton of the current corrtro, TFT ^ ^ ^ ^ ^ 

strode 262. ,n an opemng 330, he , ^ portion of a gate wiring 333 

are overlapped and a light emitting devtce 308 emtts Itg 

. 7^7 of the current control TFT 307. Reference numeral «4 
— " ~ M ' semiconductor layer. A porriou 332 in whtch the 

" ^ WWng " " are overlapped through a gate msula.tng film 

capacitor wiring 334 and the gate wtrrng 333 are 

inrerposed.herebe.ween is a capacitor. lectro des without using a 

No ,e that, in order to ,i g ht-shi=,d a gap berween ptxel electrodes 

k ™de such that an end portion ot the pixel electrode 
shielding film, an arrangement may be made 
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257 is overlapped with the source signal line 238. 

According to steps shown in this embodiment, the number of photo masks required for 
manufacturing the active matrix substrate can be set to be 5. 

Actually, after the structure shown in Fig. 6 is completed, it is preferably packaged 
(sealed) with a protect film (laminate film, ultraviolet curable resin film, or the like) or a 
translucent sealing member, which has high hermeticity and less degas, in order to prevent air 
exposure. In this case, when the inside of the sealing member is made to be an inert 
atmosphere or a hygroscopic material (for example, barium oxide) is located in the inside, 
reliability of the light emitting element is improved. 



O 

9 

^ Further the active matrix substrate and the covering member are sealed with a sealing 



member or the like to improve the hermeticity. A connector for connecting terminals led 
from elements or circuits, which are formed on the substrate with external signal terminals 
(flexible printed circuit: FPC) is attached to complete a product. 

Next, the active matrix substrate is divided into a desired shape. Note that this 
2 dividing operation may be performed before or after the active matrix substrate and the 
covering member are sealed with the sealing member. By this dividing operation, the 
dummy pattern provided for plating is separated. 

Fig. 9AJs a top surface view of a terminal portion after dividing and Fig. 9B is a cross 
sectionTv^eTobtained by cutting along a dotted line D-D'. In Figs. 9B and 9c, reference 
numeral 400 denotes a terminal portion and 401 denotes terminals connected with external 
terminals. Also, Figs. 9A to 9C show typically one TFT of the driver circuit portion and 
only the source signal line 238 in the pixel portion. The terminals 401 are electrically 
connected with the source signal line 238 and the power supply line 239. In the terminal 
portion 400, a portion of the plated terminals 401 is exposed and a transparent conductive film 
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404 made of ITO is formed thereon. Note that the transparent conductive film 404 may be 
formed simultaneously with the formation of the pixel electrode of the pixel portion. 

Further, an FPC is adhered to an exposed portion of the terminals using a known 
technique. Fig. 9C is a cross sectional view after adhering of an FPC 405. 

Here, the example in which all the driver circuits are formed on the substrate is 
indicated. However, several ICs may be used for a portion of the driver circuit. 

A light emitting device which is thus manufactured can be used as a display portion of 
various kinds of electronic devices. 

a 
d 

fU 

^ (Embodiment 2) 

In Embodiment 1, the example in which the CMOS circuit is formed in the driver 
circuit is indicated. However, an NMOS circuit may be formed using only n-channel TFTs. 
Note that, when the NMOS circuit is formed by a combination of the n-channel TFTs, there 
are the case where it is formed using only enhancement TFTs as shown in Fig. II A 
5 (hereinafter referred to as an EEMOS circuit) and the case where it is formed by a 
combination of an enhancement TFT and a depletion TFT as shown in Fig. 11B (hereinafter 
referred to as an EDMOS circuit). Also, TFTs provided in the pixel portion may be formed 
using only the n-channel TFTs. Note that the pixel electrode is preferably a cathode in this 
case. Fig. 10 is a cross sectional view of a light emitting device of this embodiment. Note 
that a state after a pixel electrode 547 is formed and before a third interlayer insulating film is 

formed is shown in Fig. 10. 

Reference numeral 501 denotes a driver circuit including TFTs and 505 denotes a 
pixel portion including TFTs. The pixel portion 505 includes a switching TFT 506 and a 
current control TFT 507, both of which are an n-channel TFT. 



ru 
m 
ru 

5 

ru 
ru 

n 



32 



s 

Q 

m 
m 
ru 



ru 

3 

u 
ru 
ru 



Reference numeral 526 denotes a source signal line after plating and 527 denotes a 
power supply line after plating. The source signal line 526 is electrically connected with an 
impurity region 551 of the switching TFT 506 through an electrode 561. The power supply 
line 527 is electrically connected with an impurity region 545 of the current control TFT 507 
through a wiring 562. 

The driver circuit 501 includes an nMOS circuit 502 having n-channel TFTs 503 and 

504. 

The n-channel TFTs 503 and 504 can be separately formed as an enhancement type 
and a depletion type by adding an element (preferably, phosphorus) which belongs to group 
15 of the periodic table or an element (preferably, boron) which belongs to group 13 of the 
periodic table to semiconductor which is a channel forming region. 

When the enhancement type and the depletion type are separately formed, an element 
(preferably, phosphorus) which belongs to group 15 of the periodic table or an element 
(preferably, boron) which belongs to group 13 of the periodic table is preferably added to the 
semiconductor which is the channel forming region, if necessary. 

In Fig. 11A, respective reference numerals 31 and 32 denote an enhancement type n- 
channel TFT (hereinafter referred to as an E-type NTFT). In Fig. 1 IB, reference numeral 33 
denotes an E-type NTFT and 34 denotes a depletion type n-channel TFT (hereinafter referred 

to as a D-type NTFT). 

Note .hat. in Figs. UA and 11B, reference symboi VDH denotes a power sonrce line 
(posirive power source line) to which a positive volrage is applied and reference symboi VDL 
denotes a power sonrce line (negative power sonrce line) to which a negative voltage is 
applied. The negative power source line may be used as a power source line with a ground 
potential (ground power source line). 
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An example in which a shift register is manufactured using the EEMOS circuit shown 

in Fig. 11A or the EDMOS circuit shown in Fig. 11B is shown in Figs. 12A and 12B. In 

Figs. 12A and 12B, reference numerals 40 and 41 each denote a flip-flop circuit. Also, 

reference numerals 42 and 43 each denote an E-type NTFT. A clock signal (CL) is inputted 

to the gate of the E-type NTFT 42. A clock signal (CL bar) having inverted polarity is 

inputted to the gate of the E-type NTFT 43. Reference numeral 44 denotes an inverter 

circuit. As shown in Fig. 12B, the EEMOS circuit shown in Fig. 11A or the EDMOS circuit 

M. shown in Fig. 11B is used as the inverter circuit. Thus, the driver circuit of a display device 
Q 

can be composed of only n-channel TFTs. 

When the driver circuit in a display device having a small display area is 

S manufactured using the NMOS circuit composed of the n-channel TFTs, consumption power 
fli 

is increased as compared with that of a CMOS circuit. However, the present invention is 
particularly effective in the case of a large display area. Thus, a problem with respect to the 
consumption power is not caused in the case of a stationary monitor or a television, which has 
a large display area. Also, there is no problem in the case where the driver circuit in a gate 
side is manufactured using only the NMOS circuits. However, the driver circuit in a source 
side is desirably manufactured using an external 1C or the like in part rather than using only 
the NMOS circuits because high speed drive can be realized. 

Note that this embodiment can be embodied by being freely combined with 

Embodiment 1. 
(Embodiment 3) 

iTchi^bodiment, a dummy pattern in the case where a source signal line included 
in a pixel portion, a power supply line included in the pixel portion, and a terminal are 
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connected with the same plating electrode and electroplating is performed will be described. 

Fig. 13 is a top surface view of a light emitting device of this emoodiment. Note that 
three source signal lines 604 in the pixel portion and three power supply lines 605 are 
typically shown in Fig. 13. The source signal lines 604 in the pixel portion are in parallel 
with one another and have a belt shape. The power supply lines 605 in the pixel portion are 
in parallel with one another and have a belt shape. Six terminals 607 are typically shown. 

Reference numeral 601 denotes a pixel portion. The source signal lines 604 before 
plating and the power supply lines 605 before plating are provided in the pixel portion 601. 

p The plurality of (six) terminals 607 before plating are formed in a terminal portion 606. 

fU The source signal lines 604, the power supply lines 605, and the terminals 607 are all 

to 

fU connected with a plating electrode 609. 
Ui 

fU in this embodiment, a source side driver circuit 602 and a gate side driver circuit 603 

s 

H are formed on the same substrate as in the case of the pixel portion 601. However, the 

ru 

ilJ source side driver circuit 602 and the gate side driver circuit 603 are not necessarily formed 
Q 

P on the same substrate as the pixel portion 601. Note that, in Fig. 13, the source side driver 
N> 

circuit 602 and the gate side driver circuit 603 are in a state before an electroplating method is 
performed. 

Reference numeral 610 denotes substrate dividing lines. When a substrate is divided 
along the substrate dividing lines 610 after the plating, the source signal lines 604, the power 
supply lines 605, and the terminals 607 are separated from the plating electrode 609. 

After the plating, an interlayer insulating film is formed and wirings (lead wirings) for 
connecting the impurity regions of the semiconductor layers or the power supply lines with 
the terminals and the gate signal lines are formed. In the present invention, the gate signal 
lines are electrically connected with the gate electrodes through contact holes provided in the 
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interlayer insulating film. In Fig. 13, reference numeral 612 denotes the lead wirings and 
611 denotes the gate signal lines. 

The source signal lines 604 in the pixel portion are electrically connected with the 
source side driver circuit 602 through wirings. The power supply lines 605 and the terminals 
607 are electrically connected with one another through the lead wirings 612. The source 
side driver circuit 602 and the terminal 607 are electrically connected with one another 
through the lead wirings 612. 

After the plating, the substrate is divided along the substrate dividing lines 610 to 

H 

j3 separate the source signal lines 604, the power supply lines 605, and the terminals 607 from 
Jjj the plating electrode 609. 

Thus, according to the present invention, the source signal lines in the pixel portion, 
the power supply lines in the pixel portion, and the terminals are covered with the metal 
fy material having a low resistance. Therefore, even if the pixel portion has a large area, high 

ry 

O speed drive can be sufficiently realized. 

a 

M In particular, when the resistance of the power supply lines is reduced, a potential drop 

of the power supply lines by a wiring resistance is prevented and thus crosstalk can be 
prevented. 

This embodiment can be embodied by being freely combined with Embodiment 1 or 2. 
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In this embodiment, an example in which a source signal line is made of the same 
material as a gate electrode and a power supply line is made of the same material as a gate 
signal line will be described. 

A top surface view of a pixel in this embodiment is shown in Fig. 14. In this 
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embodiment, a region including a source signal line 703, a gate signal line 704, and a power 
supply line 705 corresponds to a pixel 700. The pixel 700 has a switching TFT 701 and a 

current control TFT 702. 

A gate wiring 711 includes a gate electrode 712 of the current control TFT 702. 

The source signal line 703, a gate electrode 708 of the switching TFT 701, the gate 
electrode 712 of the current control TFT 702, and the gate wiring 71 1 are made from the same 
conductive film. 

g The drain region of the current control TFT 702 is connected with a pixel electrode 

706 through an electrode 709. A third interlayer insulating film (not shown) is formed on 
the pixel electrode 706 and an organic compound layer (not shown) is formed on the third 
interlayer insulating film. The pixel electrode 706 and the organic compound layer are in 
U contact with each other through an opening 707 provided in the third interlayer insulating film. 

ru 

W The electrode 709, the power supply line 705, the gate signal line 704, wirings directly 

O 

P connected with the source region and the drain region of the switching TFT 701, and wirings 
directly connected with the source region and the drain region of the current control TFT 702 
are made from the same conductive film. 

The gate wiring 711 includes the gate electrode 712 of the current control TFT 702. 
Reference numeral 710 denotes a capacitor wiring made from a semiconductor layer. A 
portion 713 in which the capacitor wiring 710 and the gate wiring 7 1 1 are overlapped through 
a gate insulating film (not shown) interposed therebetween is a capacitor. 

Note that, in order to light-shield a gap between pixel electrodes without using a 
shielding film, an arrangement may be made such that an end portion of the pixel electrode 
706 is overlapped with the source signal line 703. 

This embodiment can be embodied by being freely combined with Embodiment 3. 
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(Embodiment 5) 

"^Te^nbo'diment, an example in which a source signal line or a power supply line is 
formed by steps different from Embodiment 1 is shown in Figs. 15A to 15C. 

Fig. 15A shows an example in which a source signal line 903 or a power supply line 
(not shown) in a pixel portion is plated, an interlayer insulating film is formed, contact holes 
are formed in the interlayer insulating film, and then a terminal portion 900 is plated. 

A terminal 901 and the source signal line 903 or the power supply line are formed in 
the same step as a gate electrode 902 of a TFT. First, only the source signal line 903 or only 
the power supply line in the pixe. portion is selectively plated. After, that, an interlayer 
insulating film is formed and then contact holes are formed therein. At the formation of the 
contact holes, a portion of the terminal 901 in the terminal portion 900 is exposed. Next, 
only an exposed region of the terminal 901 in the terminal portion is plated to form a coating 
904. Note that the coating 904 is included in the terminal 901. 

After that, electrodes connected with lead wirings and impurity regions of a 
semiconductor layer are formed. Later steps are performed according to Embodiment 1 and 
thus a structure shown in Fig. 15A is preferably obtained. 

Note that activation of the impurity element included in the semiconductor layer is 
preferably performed before the formation of the coating 904. 

As the case of Embodiment 1, at plating, electrodes or wirings, which are to be plated 
are connected with each other through a dummy pattern such that they become the same 
potential. At the time of dividing a substrate in a later step, electrodes are cut therebetween 
and the substrate is separated. Further, a short ring may be formed using a dummy pattern. 

Fig. 15B shows an example in which plating is performed by steps different from 
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those in Fig. 15A. This embodiment is an example in which a source signal line 913 is not 
formed simultaneously with the formation of a gate electrode 912 of a TFT. 

After an insulating film for protecting the gate electrode 912 is formed, the impurity 
element added to respective semiconductor layers is activated. Then, the source signal line 
913 in the pixel portion and the terminal 911, which are made of a metal material having a 
low resistance (typically, a material containing mainly aluminum, silver, and copper), are 
simultaneously formed on the insulating film by a photolithography step. Thus, according to 
the present invention, the source signal line in the pixel portion is made of the metal material 
| having the low resistance. Thus, even if the area of the pixel portion becomes larger, it can 
be sufficiently driven. Also, in order to decrease the number of masks, the source signal 
lines may be formed by a printing method. 

Then, plating (electroplating method) is performed to form a metal film on the surface 
of the source signal line 913 in the pixel portion and the surface of the terminals 911. Later 
2 steps are performed according to Embodiment 1 and thus a structure shown in Fig. 15B is 
preferably obtained. 

Fig. 15C shows an example in which the source signal line is formed by steps different 

from those in Fig. 15A. 

In this embodiment, the source signal line is formed by a printing method. A 
conductive layer is provided to improve position precision of the source signal line in a pixel. 

In this embodiment, conductive layers 915a and 915b composing the source signal 
line are formed by the same step as in the case of the gate electrode. Then, the impurity- 
element is activated without covering the gate electrode with an insulating film. The 
activation is performed by, for example, thermal annealing in an inert atmosphere at a reduced 
pressure to suppress an increase of resistance by oxidation of the conductive layers. Then. 
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the source signal line is formed using a printing method so as to fill a gap between the 
conductive layers. When a conductive layer is provided along the source signal line, a break 
easy to be caused in the printing method (screen printing) can be prevented. Later steps are 
performed according to Embodiment 1 and thus a structure shown in Fig. 15C is preferably 
obtained. 

The screen printing is to use as a mask a plate having an opening with a desired 

pattern, form a paste (diluent) or an ink, into which for example, a metal particle (Ag, Al, or 

the like) is mixed on a substrate which is a body to be printed through the opening, and then 

O form a wiring with a desired pattern by thermal firing. Such a printing method is relatively 
P 

! ^ low in cost and can be used in the case of a large area and thus suitable to the present 

m 

fU 

=1 invention. 

Also, instead of the screen printing method, an intaglio printing method using a drum 
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fy to be rotated, an intaglio printing method, and various offset printing methods can be applied 
Q to the present invention. 

o 

H" The source signal line in the pixel portion can be formed by the above various 

methods. 

Note that this embodiment can be freely combined with any one of Embodiments 1 to 

4. 




In this embodiment, a light emitting device having a structure different from that 
indicated in Embodiment 1 will be described using Fig. 16. 

In a driver circuit 921, a p-channel TFT 923 and an n-channel TFT 924 are formed 
and thus a CMOS circuit is completed. 
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In a pixel portion 922, a switching TFT 925 and a current control TFT 926 are formed. 
One of the source region and the drain region in the switching TFT 925 is electrically 
connected with a source signal line 927. Also, although not shown, the other is electrically 
connected with the gate electrode of the current control TFT 926. 

One of the source region and the drain region in the current control TFT 926 is 
connected with a power supply line (not shown). Also, the other is connected with a pixel 
electrode 929 included in a light emitting element 928. 

The light emitting element 928 includes the pixel electrode 929, an organic compound 
layer 930 which is in contact with the pixel electrode 929, and a counter electrode 93 1 which 
is in contact with the organic compound layer 930. Note that, in this embodiment, a 
protective film 932 covering the driver circuit 921 and the pixel portion 922 is provided on 
the counter electrode 931. 

In this embodiment, as shown in Fig. 16, a third interlayer insulating film 934 having 
an opening portion is formed in a position corresponding to the pixel electrode 929. The 
third interlayer insulating film 934 has an insulation property, serves as a bank, and has a 
function for dividing the respective organic compound layer of adjacent pixels. In this 
embodiment, the third interlayer insulating film 934 is made of a resist. 

In this embodiment, a thickness of the third interlayer insulating film 934 is set to be 
about 1 urn. The opening portion is formed such that it is expanded with approaching the 
pixel electrode 929, that is, such that it becomes a so-called inverse taper shape. This is 
formed as follows. First, after a resist is formed, a region except a region in which the 
opening portion is to be formed is covered with a mask. Next, UV light is irradiated to 
expose it and then the exposed region is removed by a developer. 

As described in this embodiment, when the third interlayer insulating film 934 is 
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formed in an inverse taper shape, the organic compound layer is divided among the adjacent 
pixels at the formation of the organic compound layer in a later step. Thus, even if the 
thermal expansion coefficient of the organic compound layer is different from that of the third 
interlayer insulating film 934, cracking and peeling of the organic compound layer can be 
suppressed. 

Note that, in this embodiment, a film made of a resist is used as the third interlayer 
insulating film. However, polyimide, polyamide, acrylic, BCB (benzocyclobutene), a silicon 
oxide film, or the like can be used in some cases. If the third interlayer insulating film 934 is 
a substance having an insulation property, an organic matter or an inorganic matter may be 



Q 

ry used. 

m Although not shown in Fig. 16, the power supply line is also formed in the same layer 

I" as in the case of the gate electrode and then plated. Thus, a wiring resistance may be 
fU reduced. 

ru 

O This embodiment can be embodied by being freely combined with Embodiments 1 to 

O 

5 



f (EmbodimenT7)^ 

> ™ =a ^ ==S lTthis embodiment, a structure of a light emitting device having an inverse stagger 
TFT will be described. Fig. 17 is a cross sectional view of a light emitting device of this 
embodiment. Note that Fig. 17 shows a state after a pixel electrode is formed and before a 
third interlayer insulating film is formed. 

In the light emitting device of this embodiment, a driver circuit 940 includes an n- 
channel TFT 942 and a p-channel TFT 943, which compose a CMOS circuit. 

A pixel portion 941 includes a switching TFT 944 and a current control TFT 945. 
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Reference numeral 947 denotes a source signal line, 948 denotes a power supply line, and 949 
denotes a gate signal line. 

One of the source region and the drain region in the switching TFT 944 is connected 
with the source signal line 947. Also, although not shown, the other is connected with the 
gate electrode of the current control TFT 945. 

One of the source region and the drain region in the current control TFT 945 is 
electrically connected with the power supply line 948. Also, the other is electrically 
connected with a pixel electrode 946. 

The gate signal line 949 is formed on a second interlayer insulating film 950. 
Although not shown, the gate signal line 949 is connected with the gate electrode of the 

m 

pi switching TFT 944. 

fU 

'~ The source signal line 947 and the power supply line 948 are formed in the same layer 

i* ~ ... 

m as in the case of the gate electrode of the TFT and then plated to reduce a wiring resistance. 

ru 

O Note that, in this embodiment, a portion of a gate insulating film 951 is removed by etching 

Q 

before plating (electroplating method) to expose the surface of the source signal line 947 and 
the surface of the power supply line 948 in the pixel portion, and then a metal film is formed 
on these surfaces by an electroplating method. 

This embodiment can be embodied by being freely combined with Embodiments 1 to 

6. 

(Embodiment 8) ^ 

Tn~itn7s embodiment, a light emitting device having a structure different from 
Embodiment 1 will be described. Fig. 18 is a cross sectional view of a pixel portion in a 
light emitting device of this embodiment. 
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Fig. 18 shows a state in which a switching TFT 834, a capacitor 833, and a current 
control TFT 832 are formed. A glass substrate or an organic resin substrate is used as a 
substrate 801 which becomes a base for forming those elements. An organic resin material 
is lightweight as compared with a glass material and thus effective for weight reduction of a 
light emitting device itself. When the light emitting device is manufactured, an organic resin 
material such as polyimide, polyethylene terephthalate (PET), polyethylene naphthalate 
(PEN), polyether sulfone (PES), or aramid can be used. Barium borosilicate glass or 
aluminoborosilicate glass, which is called no alkali glass is desirably used for the glass 
O substrate. The glass substrate having a thickness of 0.5 to 1.1 mm is used. However, for 
jjj the weight reduction, it is required that the thickness is thinned. Also, for further weight 
jj reduction, a glass substrate having a small specific gravity of 2.37 g/cc is desirably used. 

A first insulating film 802 for the prevention of impurity diffusion from the substrate 

fU and the stress control is formed on the substrate 801. This is made from an insulating film 

Hi 

© including silicon. For example, this is obtained by forming a silicon oxynitride film from 
SiH 4 , NH 3 , and N 2 0 to have a thickness of 20 to 100 nm using a plasma CVD method. With 
respect to the composition, a nitrogen concentration is set to be 20 to 30 atoms % and an 
oxygen concentration is set to be 20 to 30 atoms %, and thus tensile stress is provided. 
Preferably, an insulating film made from a silicon oxynitride film formed from SiH 4 and N : 0 
is further formed in the upper layer of the first insulating film. With respect to the 
composition of this insulating film, a nitrogen concentration is set to be 1 to 20 atom % and 
an oxygen concentration is set to be 55 to 65 atom %, and thus the nitrogen concentration is 
decreased and internal stress is reduced. 

Semiconductor films 803 and 804 are made from a silicon film having a crystalline 
structure. A typical example is a semiconductor film formed by laser light irradiation or 
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thermal treatment for an amorphous silicon film formed by a plasma CVD method. Its 
thickness is set to be 20 to 60 nm. A second insulating film 805 which is a gate insulating 
film and gate electrodes 806 and 807 are formed in the upper layer. The gate electrode 807 
is connected with one electrode of the capacitor 833. 

A third insulating layer 808 made of silicon nitride produced from SiH 4 , NH 3 , and N 2 
or silicon oxynitride produced from SiH 4 , NH 3 , and N 2 0 is formed in the upper layer of the 
gate electrode and used as a protective film. Further, a fourth insulating film 809 made of an 
organic resin material such as polyimide or acrylic is formed as a planarization film. 

A fifth insulating film 810 made of an inorganic insulating material such as silicon 
nitride is formed on the fourth insulating film made of an organic resin material. The 
organic resin material has hygroscopicity, a property for occluding moisture. If the moisture 
is again emitted, oxygen is supplied to an organic compound and this causes deterioration of a 
light emitting element. Thus, in order to prevent occlusion and reemission of the moisture, 
the fifth insulating film 810 made of silicon oxynitride produced from SiH 4 , NH 3 , and N 2 0 or 
silicon nitride produced from SiH 4 , NH 3 , and N 2 is formed on the fourth insulating film 809. 
Alternatively, the fourth insulating film 809 is omitted and only one layer of the fifth 
insulating film 810 can be used as a substitute. 

After that, contact holes which reach the source or the drain region in the respective 
semiconductor films are formed. A transparent conductive film made of ITO (indium tin 
oxide), zinc oxide, or the like is formed to have a thickness of 110 nm by a sputtering method 
and then etched into a desired shape (shape as shown in Fig. 8) to form an anode 811 which is 
one electrode of a light emitting element 833. 

Electrodes 812 to 815 have a laminate structure of titanium and aluminum and are 
formed into a total thickness of 300 to 500 nm and produce contacts to the semiconductor 
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films. The electrode 815 is formed to overlap the anode 81 L. 

Reference numeral 830 denotes a source signal line connected with an impurity region 
831 included in the semiconductor layer 803 through the electrode 812. The surface of the 
source signal line 830 is plated to reduce the make resistance. 

Insulating films 816 to 819 formed on these electrodes are made of silicon nitride or 
the like and these end portions are formed so as to position outside of the electrodes. Such a 
structure is obtained by the following steps. A layer of a conductive film for forming the 
electrodes and an insulating film are laminated and etched according to a pattern of resists 
820 to 823. After that, only the conductive film is etched with leaving the resist pattern, and 
thus canopies as shown in Fig. 18 can be formed. Therefore, the insulating films 816 to 819 
are not necessarily limited to an insulating film. If a material has an etching selection ratio 
to a conductive film for forming wirings, such a material can be applied to the insulating films. 

An organic compound layer 824 and a cathode 825 are formed by an evaporation 
method. Thus, the canopies formed here become masks and the organic compound layer 
824 and the cathode 825 can be formed on the anode 811 in a self alignment. The resists 
820 to 823 may be left on the insulating films 816 to 819 or may be removed. 

Wet processing (processing such as etching using a chemical solution or water 
washing) can not be performed for the organic compound layer 824 and the cathode 825. 
Thus, it is required, that a partition wall layer made of an insulating material is provided 
according to the anode 811 to make insulation isolation between adjacent elements. 
However, when the pixel structure of this embodiment is used, the wirings and the insulating 
films formed thereon can be used as a substitute for the partition wall layer. 

Thus, the light emitting device 833 is composed of the anode 8 1 1 made of a 
transparent conductive material such as ITO, the organic compound layer 824 including a 
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hole injection layer, a hole transporting layer, an emitting layer, and the like, and the cathode 
825 made of a material such as alkaline metal or alkaline earth metal, such as iMgAg or LiF. 

Thus, there is no case where stress is applied from members formed in the peripheral 
to the light emitting element. Therefore, the deterioration of the light emitting element by 
thermal stress or the like can be prevented. As a result, a light emitting device having higher 
reliability can be manufactured. 



In this embodiment, another structure of the light emitting device described in 
Embodiment 8 using Fig. 18 will be described using Fig. 19. A seventh insulating film is 
formed after an anode 621 is formed. This insulating film is made of silicon oxide, silicon 
nitride, or the like. After that, the seventh insulating film on the anode 621 is removed by 
etching. At this time, as shown in Fig. 19, an end portion of the anode 621 is overlapped 
with the seventh insulating film. Thus, a patterned seventh insulating film 640 is obtained. 

Later steps are similarly performed and a connection electrode 625, an insulating film 
629, and the like are formed. An organic compound layer 634 and a cathode 635 are formed 
as shown in Fig. 19. When the seventh insulating film 640 is provided, it can be prevented 
that the cathode 635 is in contact with the anode 621 in the end portion and thus a short circuit 
is caused. 

According to the pixel structure indicated in this embodiment, the deterioration of the 
light emitting element by thermal stress can be prevented and a light emitting device having 
higher reliability can be manufactured. 
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In this embodiment, a state of the connection between a lead wiring on a substrate and 
a terminal will be described. 

In a terminal portion, as shown in Fig. 20A, a terminal 681 is made of the same 
material as a gate electrode. The terminal 681 is plated to make resistance reduction state. 

A third insulating film 658, a fourth insulating film 659, and a fifth insulating film 660, 
which are formed in the upper layer of the terminal are removed simultaneously when contact 
holes are formed by etching and thus the surface can be exposed. When a transparent 
conductive film 682 is laminated on the terminal 681, the connection to an FPC can be made. 

Since the counter electrode of the light emitting element becomes a common electrode, 
the connection is made outside of the pixel portion. In order to control a potential from the 
outside, the counter electrode is connected with the terminal through the lead wiring on the 
substrate. Fig. 20B shows one example of a connection structure between the lead wiring 
and the counter electrode. 

A lead wiring 684 is in contact with the fourth insulating film 659 and formed in the 
same layer as in the case of a gate signal line. The fifth insulating film 660 formed in the 
upper layer of the lead wiring are removed simultaneously with forming contact holes by 

etching to expose the surface. 

A pixel electrode 661 is formed on the fifth insulating film 660 and an organic 
compound layer 674 is formed in contact with the pixel electrode 661. A counter electrode 
675 is formed to cover the organic compound layer 674 and the lead wiring 684. The 
contact between the lead wiring 684 and the counter electrode 675 is made. Note that the 
counter electrode 675 is not in contact with the pixel electrode 66 1 . 

The lead wiring 684 is connected with the terminal 681 through a contact hole formed 
in the third insulating film 658 and the fourth insulating film 659. 
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The organic compound layer 674 is formed by an evaporation method. However, if 
the processing is performed, the organic compound layer is formed on the entire surface of the 
substrate. Thus, it is formed according to a region of the pixel portion using a shadow mask 
such as a metal mask or a ceramic mask. Similarly, the counter electrode (cathode) 675 is 
formed. Note that a mask size is changed such that the cathode is formed in a region 
including an outer region of the pixel portion. When such processing is performed, the 
structure shown in Fig. 20B can be obtained. 

(Embodiment 11) 

ru 

Fig. 21 shows an appearance of a light emitting device and indicates a state in which a 
pixel portion 722, a gate side driver circuit 724, a source side driver circuit 723, and terminals 

726 are formed in a substrate 721. The terminals 726 are connected with the respective 

Ms 

fU driver circuits through lead wirings 725. In the pixel portion 722, wirings 728 which also 
fy 

Q serve as partition wall layers are formed in an extended direction of signal lines to which 

o 

M. image signals are inputted. Although these wirings 728 include source signal lines and 
power supply lines, the details are omitted here. Of the wirings 728, the power supply lines 
are connected with the terminals 726 through lead wirings 733. 

Lead wiring 727 are to connect between the counter electrode and the terminals. The 
connection method is already described in Embodiment 10. 

If necessary, an IC chip in which a memory and the like are formed may be mounted 
in an element substrate by a COG (chip on glass) method or the like. 

Light emitting elements are formed between the wirings 728 and the structure is 
shown in Fig. 22. Pixel electrodes 730 correspond to respective pixels and are formed 
between the wirings 728. Organic compound layers 731 are formed between the wirings 
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728 in the upper layer of the pixel electrodes. Also, the organic compound layers 731 are 
continuously formed in a stripe shape on the plurality of pixel electrodes 730. 

A counter electrode 732 is formed in the upper layer of the organic compound layers 
731. Similarly, the counter electrode 732 is formed between the wirings 728 in a stripe 
shape. Further, the connection with the counter electrode 732 is made in a region in which is 
not sandwiched by the wirings 728, that is, an outer region of the pixel portion 722. A 
connection portion may be formed in one end portion of the counter electrode or both end 
q portions thereof. 

§ The lead wirings 727 are formed in the same layer as in the case of the gate signal 

S lines (not shown) and not in directly contact with the wirings 728. The contact between the 

m 

fU lead wirings 727 and the counter electrode 732 is made in the overlapped portion. 

M> a light emitting element is defined by an overlapped region among the pixel electrode 

nJ . . 

^ 730 the organic compound layer 731, and the counter electrode 732. In an active matrix 



g light emitting device, each of the pixel electrodes 730 are connected with respective active 
elements. If the counter electrode has a defect and thus a defect is caused in the inner 
portion of the pixel portion, there is the fear that the defect is recognized as a line defect. 
However, as shown in Fig. 22, when the structure such as the connection with both ends of 
the counter electrode is made and the counter electrode is used as a common electrode is 
obtained, the fear of occurrence of such a line defect can be reduced. 

(Embodiment 12) 

In this embodiment, an example in which PPTA (plural pulse thermal annealing) is 
performed as thermal treatment in Embodiment 1 is indicated. 

The PPTA is thermal treatment in which a cycle of heating using a light source 
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(halogen lamp, metal halide lamp, high pressure mercury lamp, high pressure sodium lamp, 
xenon lamp, or the like) and cooling by circulation of a refrigerant (nitrogen, helium, argon, 
krypton, xenon, or the like) to a processing chamber is repeated plural times. A light 
emitting time per shot in the light source is 0.1 to 60 seconds, preferably, 0.1 to 20 seconds. 
Light is irradiated plural times. Note that the light source is turned on in a pulse shape by a 
power source and a control circuit such that a retaining period in the semiconductor film 
becomes 0.5 to 5 seconds. 

When an actual heating time is shortened and light which is selectively absorbed by 
the semiconductor film is irradiated from light source(s) provided in one surface side or both 
surface sides by the PPTA, the substrate itself is not greatly heated and only the 
semiconductor film is selectively heated (at a temperature rise rate of 100 to 200°C/second). 
In order to suppress a temperature rise of a substrate, cooling is performed using a refrigerant 
from the external (at a temperature fall rate of 50 to 150°C/second). 

An example in which the thermal treatment in Embodiment 1 is performed for the 
activation is indicated below. 

The PPTA is performed in the activation step shown in Fig. 5A. Pulse light is 
irradiated from one surface side or both surface sides of the substrate using a tungsten halogen 
lamp as a light source. At this time, a flow rate of He is changed in synchronization with 
blinking of the tungsten halogen lamp and thus the semiconductor film is selectively heated. 

By the PPTA, an impurity element is activated and a metal element which is included 
in the semiconductor film and used for crystallization can be gettered from the channel 
forming region to the impurity regions. Note that, if not only phosphorus but also an 
impurity element imparting a p-type are added to the impurity regions, it is further effective. 
Thus, a step of adding boron imparting a p-type to the impurity regions after the first doping 



is preferably added. Also, a processing chamber for the PPTA may be prepared in a reduced 
pressure state of 13. 3 Pa or lower to prevent oxidation and contamination. 

Note that this embodiment can be freely combined with any one of Embodiments 1 to 

11. 



(Embodiment 13) 

In this embodiment, detail structures of a source side driver circuit and a gate side 
driver circuit, which are included in a driver circuit of the light emitting device of the present 



Q 

invention will be described. 

ru 

ru 



Figs. 23A and 23B are block diagrams of driver circuits in the light emitting device of 
the present invention. Fig. 23A shows a source side driver circuit 6001 including a shift 



H* register 6002, a latch (A) 6003, and a latch (B) 6004. 

fU In the source side driver circuit 6001, a clock signal (CLK) and a start pulse (SP) are 

G inputted to the shift register 6002. The shift register 6002 generates a timing signal in 
succession in accordance with the clock signal (CLK) and the start pulse (SP). The timing 
signal is inputted in succession to a post-circuit through a buffer and the like (not shown) 

The timing signal from the shift register 6002 is buffer-amplified by the buffer and the 
like. Since a large number of circuits or elements are connected with a wiring to which the 
timing signal is inputted, the wiring has a large load capacitance (parasitic capacitance). The 
buffer is provided to prevent "slowing" of rising or falling of the timing signal, which is 
caused due to the large load capacitance. Note that the buffer is not necessarily provided. 

The timing signal buffer-amplified by the buffer is inputted to the latch (A) 6003. 
The latch (A) 6003 includes latches in a plurality of stages for processing digital video signals 
of n-bits. When the timing signal is inputted, the latch (A) 6003 captures in succession the 
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digital video signals of n-bits, which is inputted from the outside of the source side driver 
circuit 6001 and holds it. 

Note that, when the digital video signals are captured into the latch (A) 6003, they 
may be inputted in succession to the latches in the plurality of stages, which is included in the 
latch (A) 6003. However, the present invention is not limited to this structure. So called 
divisional drive in which the latches in the plurality of stages which are included in the latch 
(A) 6003 are divided into some groups and then the digital video signals are simultaneously 
inputted in each group may be performed. Note that the number of groups in this time is 
called the number of divisions. When the latches are divided by, for example, four stages to 
make groups, it is said that divisional drive with four divisions is performed. 

A period until writing of the digital video signals into the latches in all stages of the 
latch (A) 6003 is completed is called a line period. Actually, there is the case where a line 
period includes a period obtained by adding a horizontal retrace period to the above line 
period. 

When one line period is completed, latch signals are inputted to the latch (B) 6004. 
At this point, all the digital video signals which are written into the latch (A) 6003 and held 
thereby are sent to the latch (B) 6004, written into latches in all stages of the latch (B) 6004 
and held. 

Writing of digital video signals into the latch (A) 6003 which completely sent the 
digital video signals to the latch (B) 6004 is performed in succession in accordance with the 
timing signal from the shift register 6002. 

During the second one line period, the digital video signals which are written into the 
latch (B) 6004 and held are inputted to the source signal lines. 

Fig. 23B is a block diagram indicating a structure of the gate side driver circuit. 



A gate side driver circuit 6005 includes a shift register 6006 and a buffer 600/. it 
necessary, it may further include a level shifter. 

In the gate side driver circuit 6005, a timing signal from the shift register 6006 is 
inputted to the buffer 6007 and then inputted to a corresponding gate signal line. The gate 
electrodes of switching TFTs in pixels corresponding to one line are connected with the gate 
signal line. Since it is required that all the switching TFTs in the pixels corresponding to one 
line are turned on, a buffer capable of flowing a large current is used. 

This embodiment can be embodied by being freely combined with Embodiments i to 

12. 

( Embodiment 14) 

In this embodiment, an external light emitting quantum efficiency can be remarkably 
improved by using an organic compound material by which phosphorescence from a triplet 
exciton can be employed for emitting a light. As a result, the power consumption of the 
light-emitting element can be reduced, the lifetime of the light-emitting element can be 
elongated and the weight of the light-emitting element can be lightened. 

The following is a report where the external light emitting quantum efficiency is 
improved by using the triplet exciton (T. Tsutsui, C Adachi. S. Saito. Photochemical 
processes in Organized iMolecular Systems, ed. K. Honda, (Elsevier Sci. Pub., Tokyo. 1991 ) p. 
437). 

The molecular formula of an organic compound material (coumarin pigment) reported 
by the above article is represented as follows. 




Chemical formula I 



(M. A. Baldo. D.F.O' Brien. Y. You. A. Shoustikov, S. Sibley. M.E. Thompson. S.R. Forrest. 
Nature 395 (1998) p. 151) 

The molecular formula of an organic compound material (Pi complex) reported by the 
above article is represented as follows. 




|j (M.A. Baldo, S. Lamansky, PJE. Burrows, M.E. Thompson, S.R. Forrest. Appl. Phys. Lett., 
g 75 (1999) p.4.) 

(T.Tsutsui, M.-J.Yang, M. Yahiro, K. Nakamura, T.Watanabe, T. Tsuji, Y. Fukuda r T. 
Wakimoto, S. Mayaguchi. Jpn. Appl. Phys., 38 (12B) (1999) L1502) 

The molecular formula of an organic compound material (Ir complex) reported by the 
above article is represented as follows. 




Chemical formula 3 



As described above, if phosphorescence from a triplet exciton can be put to practical use. 
it can realize the external light emitting quantum efficiency three to four times as high as that 




in the case of using fluorescence from a singlet exciton in principle. 

The structure according to this embodiment can be freely implemented in combination 
of any structures of Embodiments 1 to 13. 



(Embodiment 15) 

In this embodiment, an example in which a source signal line or a power supply line is 

if formed by a printing method using a low resistance material will be described. 
Q 

a Fi<> 25 is a cross sectional view of a light emitting device of this embodiment. The 

fU °* 

S light emitting device has a driver circuit 450 and a pixel portion 451. The pixel portion 451 

,fj includes a switching TFT 452 and a current control TFT 453. 

\± In this embodiment, at least one of a source signal line 458 and a power supply line 

fjj 462 or both are formed by a printing method. Although a screen printing method is used in 
□ 

O this embodiment, an intaglio printing method using a drum to be rotated, an intaglio printing 
method, and various offset printing methods can be applied to the present invention. Such 
a printing method is relatively low in cost and can be used in the case of a large area and thus 
suitable to the present invention. 

In this embodiment, the source signal line 458 and the power supply line 462 are made 
of Cu. Note that a material for a wiring formed by a printing method has desirably a lower 
resistance than a wiring or an electrode, which is formed by patterning. 

Next, a pixel electrode 461 made from a transparent conductive film is formed on a 
second interlayer insulating film 472. 

Further, a gate insulating film 470, a first interlayer insulating film 471. and a second 
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interlayer insulating film 472 are etched to form contact holes which reach an impurity region 
454 of the switching TFT 452 and impurity regions 456 and 457of the current control TFT 
453. 

Further, a conductive film is formed on the second interlayer insulating film 472 and 
patterned to form electrodes 459, 460, and 473. The electrode 459 covers the entire surface 
or a portion of the source signal line 458 to make the contact. Note that, in this embodiment, 
the electrode 459 covers the entire surface of the source signal line 458. With this structure, 
entrance of a material for the source signal line 458 into an organic compound layer 463 can 
be prevented and a break easy to be caused in a printing method (screen printing) can be 
prevented. Note that, in this embodiment, the electrodes 459, 460, and 473 are made of a 
material having higher patterning precision than the source signal line 458 and the power 
supply line 462, which are formed by the printing method. In this embodiment, the 
electrodes are made from a laminate film of Ti/Al/Ti. 

The electrode 459 is connected with the impurity region 454 of the switching TFT 452. 
The electrode 460 is connected with the pixel electrode 461 and thus electrically connects 
between the impurity region 456 of the current control TFT 453 and the pixel electrode 461. 

The electrode 473 covers the entire surface or a portion of the power supply line 462 
to make the contact. Note that, in this embodiment, the electrode 473 covers the entire 
surface of the power supply line 462. With this structure, entrance of a material for the 
power supply line 462 into the organic compound layer 463 can be prevented. 

Further, the organic compound layer 463 is formed on the second interlayer insulating 
film 472 to cover the electrodes 459, 460, and 473 and the pixel electrode 461. Further, a 
counter electrode 466 is formed on the organic compound layer using a metal mask. Note 
that an overlapped region among the pixel electrode 461, the organic compound layer 463, 
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and the counter electrode 466 corresponds to a light emitting element 467. 

As described above, the source signal line or the power supply line in the pixel portion 
can be formed by various methods. When the resistance of the source signal line or the 
power supply line is reduced, a light emitting device having a large screen size and a high 
image quality can be realized. 

Note that the structure of this embodiment can be embodied by being freely combined 
with any structures of Embodiments 1 to 13. 



M» (Embodiment 16) 

Q 
u 

Hj The light-emitting device has superior visibility in bright locations in comparison to a 

Kj 

fU liquid crystal display device because it is of a self-luminous type, and moreover viewing 

m 

fU angle is wide. Accordingly, it can be used as a display portion for various electronic 

2 

M instruments. 

m 

r=|j 

q The following can be given as examples of such electronic instruments: a video camera: 

6 

y. a digital camera; a goggle type display (head mounted display); a car navigation system; an 
audio reproducing device (such as a car audio system, an audio compo system); a laptop 
computer; a game equipment; a portable information terminal (such as a mobile computer, a 
mobile telephone, a mobile game equipment or an electronic book); and an image playback 
device provided with a recording medium (specifically, a device which performs playback of 
a recording medium and is provided with a display which can display those images, such as a 
digital video disk (DVD)). In particular, because portable information terminals are often 
viewed from a diagonal direction, the wideness of the field of vision is regarded as very 
important. Thus, it is preferable that the light-emitting device is employed. Examples of 
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these electronic instruments are shown in Fig. 24. 

Fig. 24A illustrates an electro-luminescence display device which includes a frame 
2001, a support table 2002 ; a display portion 2003, a speaker portion 2004, a video input 
terminal 2005, or the like. The light-emitting device of the present invention can be used as 
the display portion 2003. The light-emitting device is of a self-luminous type and therefore 
requires no back light. Thus, the display portion thereof can have a thickness thinner than 
that of the liquid crystal display device. The electro-luminescence display device is 
including all information display devices such as for a personal computer, for a TV broadcast 



O receiving, for an advertising display or the like. 

ru 
ru 
m 
m 
ro 
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f|j used as the display portion 2203 

m 



Fig. 24B illustrates a laptop computer which includes a main body 2201, a frame 2202, 
a display portion 2203, a key board 2204, an external connection port 2205, a pointing mouse 
2206 or the like. The light-emitting device in accordance with the present invention can be 



Fig. 24C illustrates an image reproduction apparatus which includes a recording 
medium (more specifically, a DVD reproduction apparatus), which includes a main body 
2401, a frame 2402, a display portion A 2403, a display portion B 2404, a recording medium 
(a DVD or the like) 2405, operation switches 2406, a speaker portion 2407 or the like. The 
display portion A 2403 is used mainly for displaying image information, while the display 
portion B 2404 is used mainly for displaying character information. The electro-optical 
device in accordance with the present invention can be used as these display portions A 2403 
and B 2404. The image reproduction apparatus including a recording medium further 
includes a domestic game equipment or the like. 

Note that if emission luminance of an organic compound material becomes higher in the 
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future, it will be applicable to a front-type or rear-type projector in which light including 
output image information is enlarged by means of lenses or the like to be projected. 

The above mentioned electronic instruments are more likely to be used for display 
information distributed through a telecommunication path such as Internet, a CATV (cable 
television system), and in particular likely to display moving picture information. The light- 
emitting display device is suitable for displaying moving pictures since the organic compound 
material can exhibit high response speed. 

Further, since a light-emitting portion of the light-emitting device consumes power, it is 
§ desirable to display information in such a manner that the light-emitting portion therein 
ffi becomes as small as possible. Accordingly, when the light-emitting device is applied to a 
S display portion which mainly displays character information, e.g., a display portion of a 

ru 

portable information terminal, and more particular, a portable telephone or an audto 
W reproducing device, it is desirable to drive the light-emitting device so that the character 

nJ 

O information is formed by a light-emitting portion while a non-emission portion corresponds to 
Q 

the background. 

As set forth above, the present invention can be applied variously to a wide range of 
electronic instruments in all fields. The electronic instruments in the present embodiment 
may use a light-emitting device having any one of configurations shown in Embodiments I to 
15. 

According to the present invention, even when an area of the pixel portion is expanded 
to make a large screen, preferable display can be realized in a light emitting device which is 
presented by the active matrix light emitting device. Since the resistance of the source signal 
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line in the pixel portion is greatly reduced, the present invention can be applied to a large 
screen of. for example, 40 inches or 50 inches in diagonal. 
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